We sought to assess the accuracy of endometrial thickness measurement in the diagnosis of endometrial cancer in patients with obesity, diabetes, and hypertension and to evaluate whether patient characteristics influence endometrial thickness irrespective of the final diagnosis.
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although others 2 report this accuracy to be lower. Because of the fact that the probability of malignancy is strongly reduced in case of an endometrial thickness of 4 mm or less, expectant management may be justified in women with such test results. In case the endometrial thickness is 5 mm or more, endometrial sampling is advised to exclude the possibility of endometrial cancer. 3, 4 Cost-effectiveness analysis showed that a diagnostic strategy starting with transvaginal ultrasonography followed by endometrial biopsy in case of an increased endometrial thickness was the most cost-effective strategy when the prevalence of endometrial carcinoma was less than 15%. 5 Smith-Bindman et al 1 performed a meta-analysis summarizing the available evidence on the accuracy of transvaginal ultrasonography in the detection of endometrial cancer. The authors concluded that transvaginal ultrasonography of the endometrium identifies women that are unlikely to have significant endometrial disease and therefore would not benefit from endometrial sampling. Tabor et al 6 also performed a meta-analysis on the subject. In contrast to the conclusion of Smith-Bindman, Tabor et al concluded that transvaginal ultrasonography did not reduce the need for invasive diagnostic testing in women with postmenopausal bleeding. The discrepancy between the conclusion of Smith-Bindman and Tabor might be the result of their different meta-analytic approaches; whereas Tabor et al used real distributions of endometrial thickness in diseased and nondiseased patients, Smith-Bindman was likely to use cutoff points at which sensitivity and specificity were optimized, with the latter approach leading to inflated estimates of test accuracy.
An issue that was not addressed in both meta-analyses nor in many other studies on the subject was that test characteristics of endometrial thickness measurement for the detection of endometrial cancer might be affected by particular patient characteristics. It is known in asymptomatic postmenopausal women that endometrial thickness is associated with certain risk factors for endometrial cancer, such as obesity, diabetes, hypertension, as well as current use of hormone replacement therapy (HRT), age, parity, and smoking. [7] [8] [9] [10] It is likely that the diagnostic accuracy of transvaginal ultrasonography in detecting endometrial cancer is different in obese and nonobese women, in diabetic and nondiabetic women, in hypertensive and normotensive women, and in HRT users versus non-HRT users. Indeed, Smith-Bindman et al 1 reported a higher accuracy of endometrium thickness in the detection of endometrial carcinoma among women who were not using HRT as compared with women who were using HRT. Furthermore, these characteristics affect the prior probability for a woman with postmenopausal bleeding to have endometrial cancer. 11 We are not aware of any studies that have assessed the association among patient characteristics like diabetes, obesity, and hypertension and the accuracy of transvaginal ultrasonography.
The first aim of the present prospective study among consecutive patients with postmenopausal bleeding was therefore to assess the impact of different patient characteristics (obesity, hypertension, and diabetes) on endometrial thickness measured by transvaginal ultrasonography in relation to the presence or absence of endometrium cancer. The second aim was to compare the accuracy of the endometrial thickness measurement in the diagnosis of endometrial cancer in patients with obesity, diabetes, and hypertension.
MATERIALS AND METHODS
The study was performed in 1 university hospital and 7 teaching hospitals in The Netherlands. Between January 2002 and January 2003, consecutive patients who presented with postmenopausal bleeding were registered prospectively. The study was limited to women not using HRT. For each patient, a case record form was completed containing body mass index (BMI), relevant medical history, and comorbidity. Previously diagnosed diabetes and hypertension, as well as medication use, were recorded as stated by the patients.
Women were evaluated according to the guideline of the Dutch Society of Obstetrics and Gynecology. 12 Transvaginal ultrasonography was performed by the gynecologist in the outpatient office or by specially trained ultrasonographists, as is customary, in the hospital where the patient was evaluated. All women underwent a transvaginal ultrasound examination with highfrequency (5-7.5 MHz) transducers from different manufacturers. Endometrial thickness was measured as a double layer measurement at its thickest part in the longitudinal plane. In case it was not possible to measure the endometrial thickness in a reliable way, this limitation also was recorded. When the endometrial layers were separated by intracavitary fluid, both layers were measured and the sum recorded. In case the endometrial thickness was 4 mm or less, the patient was reassured and instructed to contact the doctor if new bleeding occurred. If the endometrial thickness was 5 mm or more, a biopsy was performed using a Pipelle sampler (Pipelle Laboratories CCD, Paris, France), during hysteroscopy, or with dilatation and curettage.
Definite disease state was determined as follows: "no abnormality" was diagnosed in women with an endometrial thickness 4 mm or less with an uneventful follow-up or in women whose specimens showed atrophy, benign polyps, simple hyperplasia, or proliferative endometrium on histology. Hyperplasia with atypia and malignant findings in the histology specimen were combined in the analyses in the diagnostic group "(pre)malignancy" because both diagnostic categories warrant further treatment.
The aim of the analysis was to assess the accuracy of endometrial thickness as measured at transvaginal ultrasonography in the diagnosis of atypical hyperplasia and endometrial cancer in different subgroups of patients with postmenopausal bleeding. First, a receiver operating characteristic curve was constructed that illustrated the capacity of endometrial thickness to discriminate between patients with and without endometrial (pre)malignancy. Subsequently, the area under the receiver operating characteristic curve was calculated. This area under the curve expresses the performance of a diagnostic test, taking values in the range between 0.5 and 1. An area under the receiver operating characteristic curve of 0.5 implies that the diagnostic test under study has a discriminative capacity that does not exceed chance, whereas an area under the curve of 1 implies that the discriminative capacity of the test under study is perfect. Subsequently, the diagnostic accuracy of endometrial thickness measurements was associated with patient characteristics. To do so, we constructed scatter plots for the endometrial thickness in hypertensive versus normotensive women, for diabetic versus nondiabetic women,
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and for obese versus nonobese women, in patients both with and without a (pre)malignancy of the endometrium. To assess the association between obesity and endometrial thickness, we calculated a correlation coefficient between endometrial thickness and BMI, both in women with a (pre)malignancy of the endometrium and in women with normal findings, separately.
We then compared the distribution of endometrial thickness in subgroups of patients using the Kolmogorov-Smirnov test. 13 In all comparisons, P Ͻ .05 was considered to indicate statistically significant differences between these distributions. Such differences could have impact on the optimal cutoff level and therefore could be of clinical significance.
Subsequently, receiver operating characteristic analysis was performed in the subgroups of patients with and without the specified characteristic, and likelihood ratios and their 95% confidence intervals were calculated for various endometrial thickness measurements in patients with hypertension, obesity, diabetes, and patients without risk indicators. A likelihood ratio of a particular test result is defined as the probability of that particular test result under condition of the presence of disease, ie, (pre)malignancy, compared with the probability of that particular test result under condition of the absence of disease, ie, nonmalignancy. A likelihood ratio greater than 1 increases the probability of disease, whereas a likelihood ratio less than 1 decreases the probability of disease. A likelihood ratio of 1 indicates that a particular test result has no diagnostic value.
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RESULTS
During the study period, 688 patients were included. In 28 patients, the results of transvaginal ultrasonography were missing. It was not possible to perform transvaginal ultrasonography in 5 of the remaining 660 patients, whereas in 68 patients the ultrasonographist concluded that measurement of endometrial thickness by transvaginal ultrasonography was not reliable at the first attempt. In 7 of these patients, however, a second attempt was successful. Thus, the endometrial thickness as measured at ultrasonography was available in 594 women. Table 1 presents subject characteristics. There were 66 (11%) nulliparous women. Diabetes was present in 68 patients, of whom 10 were diet controlled, 30 were treated with oral drugs, and 28 were insulin dependent. Hypertension requiring medical treatment was present in 129 patients, whereas 34 patients were hypertensive but were not taking medication. The BMI was known in 510 women. Among the included patients, 29% had a BMI of 30 or greater (obese).
Among the 594 patients, 62 (10%) had endometrial cancer, and 6 (1%) had atypical hyperplasia. Among the 94 patients who were excluded from the study because of missing or not interpretable ultrasonography measurements, 11 women had carcinoma and 2 had atypical hyperplasia, resulting in a prevalence of 14%. In the remaining 594 patients in whom endometrial thickness as measured at ultrasonography was available, a receiver operating characteristic curve was constructed demonstrating the capacity of endometrial thickness to discriminate between patients with and without premalignant endometrium (Fig. 1) . The area under the curve was 0.87 (standard error ͓SE͔ 0.03). Figure 2A shows a scatter plot of endometrial thickness in diabetic and nondiabetic patients, stratified for endometrial cancer. Among the 68 patients with diabetes, 14 (21%) had a (pre)malignancy of the endometrium. Among the 526 without diabetes, a (pre)malignancy from the endometrium was present in 54 patients (10%; P ϭ .002). In patients with a (pre)malignancy of the endometrium, the mean endometrial thickness was 15.2 (standard deviation ͓SD͔ 8.2) and 13.7 mm (SD 7.0) in diabetic and nondiabetic patients, respectively (P ϭ .67). The mean endometrial thickness in diabetic and nondiabetic patients without a (pre)malignancy was 8.6 (SD 7.3) and 5.2 mm (SD 4.6), respectively (P ϭ .01). Figure 3A shows a scatter plot of endometrial thickness in hypertensive and normotensive patients, stratified for (pre)malignancy of the endometrium. Among the 163 patients with hypertension, 26 (16%) had a (pre)malignancy of the endometrium. Among the 431 without hypertension, a (pre)malignancy of the endometrium was present in 42 patients (9.7%). In patients with a (pre)malignancy of the endometrium, the mean endometrial thickness was 16.2 (SD 8.0) and 12.6 mm (SD 6.4) in hypertensive and normotensive patients, respectively (P ϭ .24). The mean endometrial thickness in patients without a (pre)malignancy of the endometrium with and without hypertension was 6.3 (SD 5.1) and 5.3 mm (SD 5.0), respectively (P ϭ .01). Figure 4A shows a scatter plot of endometrial thickness in obese and nonobese patients stratified for the presence of (pre)malignancy. The BMI was known in 510 patients. Among the 148 patients with obesity, 26 (18%) had a (pre)malignancy of the endometrium. Among the 362 women without obesity, a (pre)malignancy of the endometrium was present in 31 patients (8.6%). In patients with (pre)malignancy of the endometrium, the mean endometrial thickness was 13.0 (SD 5.8) and 14.8 mm (SD 7.8) in obese and nonobese patients, respectively (P ϭ .99). The mean endometrial thickness in patients without (pre)malignancy of the endometrium in obese and nonobese patients was 8.0 (SD 5.3) and 4.7 mm (SD 4.6), respectively (P ϭ .001). There was a significant correlation between BMI and endometrial thickness in noncancer patients (0.29; P Ͻ .001), but this correlation was absent in patients with cancer (0.03, P ϭ .80).
In view of the statistically significant differences in endometrial thickness in noncancer patients (between diabetic and nondiabetic patients, between hypertensive and nonhypertensive patients, and between obese and nonobese patients), we decided to construct receiver operating characteristic curves in these subcategories of patients. Figure 2B shows the receiver operating characteristic curves stratified for the presence of diabetes. The area under the curve was 0.75 (SE 0.07) for women with diabetes and 0.88 (SE 0.03) for women without diabetes. Figure 3B shows that the receiver operating characteris- Figure 4B shows the receiver operating characteristic curves for obese and nonobese patients, with areas under the curve of 0.74 (SE 0.05) and 0.90 (SE 0.03), respectively. The distribution of endometrial thickness in women with diabetes, obesity, or hypertension and in patients with none of these risk indicators is summarized in Table  2 . In patients with diabetes and in obese patients, the likelihood ratio was only increased if the endometrial thickness exceeded 15 mm. In hypertensive patients, the likelihood ratio was increased if the endometrial thickness exceeded 10 mm, as was the accuracy in women without any risk indicators. However, in women with hypertension, the likelihood ratio of an endometrial thickness between 10 mm and 15 mm was 3.2, whereas the likelihood ratio for a similar test result in women without any risk indicators was 5.3.
Because diabetes and obesity are correlated to each other, the above data do not demonstrate whether diabetes and obesity are independent factors in the decrease of diagnostic accuracy. To evaluate this potential interaction between diabetes and obesity, we performed subgroup analysis. There were 27 patients with diabetes who had a BMI less than 30. Three of these 27 patients had cancer or atypical hyperplasia, resulting in a prevalence of 11%. There were 117 patients with a BMI greater than 30 mg/kg 2 who did not have diabetes. Of these patients, 17 had cancer or atypical hyperplasia, resulting in a prevalence of 15%. Nine of 31 obese diabetics had cancer or atypical hyperplasia, resulting in a prevalence of 29%. The areas under the receiver operating characteristic curve were 0.88 (SE 0.14) for nonobese patients with diabetes, 0.80 (SE 0.06) for obese patients without diabetes, and 0.59 (SE 0.11) for obese diabetics.
DISCUSSION
This study shows that the accuracy of ultrasonographic transvaginal endometrial thickness measurement in the diagnosis of endometrial cancer in women with obesity or diabetes is decreased compared with nonobese and nondiabetic patients. In women with hypertension, the diagnostic performance of transvaginal endometrial thickness measurements was not affected.
The guideline of the Dutch Society of Obstetrics and Gynecology does, among many other guidelines, recommend that endometrium sampling is not indicated if transvaginal ultrasonography shows a double layer less than 5 mm. 12 Therefore, histology was obtained when the endometrial thickness exceeded 4 mm. This might have led to verification bias, which occurs when verification of the diagnosis depends on the test under study. Information on the subsequent development of a malignancy in the women with reassuring results at first diagnoses was not obtained unless they had recurrent bleeding. Therefore, our study design may have underestimated the presence of endometrial cancer in women with an endometrial thickness of 4 mm or less. It is important to realize that further assessment of the endometrium was only dependent on the findings at ultrasonography and not on other risk indicators assessed in the present study, such as obesity, diabetes, or hypertension, thus limiting the impact of verification bias on other findings.
In the literature, the accuracy of a diagnostic test is commonly reported in terms of sensitivity, specificity, and likelihood ratios. When such parameters are used, the crucial underlying assumption is that these indices remain constant for patients with different clinical characteristics. 15, 16 A diagnostic test should decrease the posttest risk of the presence of endometrial cancer to a level of approximately 5%, not only when used in women with a low pretest change for atypical hyperplasia or a malignancy of the endometrium, but also in women with a high pretest change. In women with a negative test (eg, in those with endometrial thickness under a certain cutoff point), further invasive diagnostic procedures can be omitted. In the present study, receiver operating characteristic analysis showed that particular patient characteristics, that is, the presence of obesity and diabetes, decreased the accuracy of transvaginal endometrial thickness measurement in detecting endometrial cancer.
Two factors are important in understanding the decreased value of transvaginal ultrasonography in women with diabetes and obese women. First, our study confirms previous reports that the incidence of malignancy is higher in women with postmenopausal vaginal bleeding and obesity (18%) or diabetes (21%), compared with women without one of these risk factors (8.0%). [17] [18] [19] In obese women with diabetes, the incidence was as high as 29%. Second, this study shows that in the absence of malignancy, symptomatic women with obesity and/or diabetes have thicker endometria than women without these risk factors. In women diagnosed with a malignancy, endometrial thickness did not differ between patients with or without risk factors. Thus, whereas the pretest probability for malignancy was higher, the poten- tial of the test to reduce the posttest probabilities to less than 5% was very limited. Previous reports on this topic are scarce. In a sample of 559 asymptomatic postmenopausal women with (33%) or without HRT, the current use of HRT was the most important factor associated with endometrial thickness. 7 Others found increased endometrial thickness in asymptomatic obese postmenopausal women. 8, 10 Our findings are consistent with those of van der Bosch et al, 19 who reported a significant positive correlation between both weight (0.24, P Ͻ .01) and BMI (0.26, P Ͻ .01) and the endometrial thickness in postmenopausal women with vaginal bleeding or endometrial cells on cervical cytology smear. From our study results, it is not clear that diabetes and obesity are independent factors that affect the diagnostic accuracy of transvaginal ultrasonography, and a synergistic effect cannot be excluded. We found a clear decrease in the accuracy of transvaginal ultrasonography in obese women with diabetes compared with obese women without diabetes, for a strong increase in the incidence of cancer, thus indicating an independent effect. However, because of the relatively small number of patients with combined risk factors in our cohort, definite conclusions on this topic cannot be drawn.
We found no relation between endometrial thickness and hypertension in both asymptomatic and symptomatic women. The relation between endometrial thickness and hypertension has been examined in asymptomatic women. 9, 10, 20, 21 After correction for weight, Serdar Serin et al, 10 found no relation between hypertension and endometrial thickness. Pardo et al 21 showed that, in women with an endometrial thickness exceeding 7 mm, endometrial atrophy was present in 84% of the patients on nifedipine, compared with 41% of women not on antihypertensive drugs. They stated that a drug effect on the endometrium caused a false-positive test in women on nifedipine comparable with the phenomenon described for tamoxifen.
In conclusion, it is debatable whether transvaginal measurement of endometrial thickness is of use in all postmenopausal women with vaginal bleeding. In obese women and in women with diabetes, it might be preferable to perform endometrial sampling irrespective of the findings at transvaginal ultrasonography. 
